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Ames Deputy Director Named

For Presidential Award

E
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Angelo Guastaferro, Deputy Director, NASA's Ames Research
Center, Mountain View, CA, has been named by the President a
"Meritorious Senior Executive." The Presidential Rank is awarded
to "Career Federal Executives in the Senior Service whose.
performance has been exceptional." The award, in his case for
leadership in planetary exploration, was presented at the State
Department in Washington.

A total of 16 senior executives from various NASA research
centers and NASA headquarters gained the Presidential Rank.

Guastaferro also recently has been named a Fellow of the
‘American Astronautical Society for contributions to astroﬁautics,

and received the Space Systems Award of the American Institute of

Aeronautics and Astronautics, the principal U.S. professional



aerospace engineering group.

As Ames Deputy Director, Guastaferro has a range of
duties. He has had a long career in space project work since
receiving his Bachelor's degrees in Mechanical Engineering from
New Jersey Institute of Technology in 1954. He received an MBA
in Research and Development Management from Florida State
University in 1963.

From 1955 to 1963, he served as an officer, and then
civilian, wit* ~he U.S. Air Force Armament Center at Eglin Air
Force Base in = orida as an aeronautical project engineer. He
joined NASA at the Langley Research Center, Hampton, VA in
September 1963. He served at Langley in a variety of research
and development management positions including Scout Mission
Operations Manager, Viking GCMS Manager, Viking Deputy Project
Manager, Rotor Systems Research Aircraft Project Manager, and the
Large Space Systems Technology Program Manager.

In April 1979, he went to NASA Headquarters, to head the
Planetary Division, Office of Space Sciences, responsible for
planning, development, and operation of spacecraft systems for
planetary exploration. At Langley, he received Special
Achievement Awards in 1974, 1977, and 1978, and a NASA
Outstanding Leadership Medal in 1977. At NASA Headquarters, he
received the NASA Exceptional Performance Award in 1980.

Guastaferro is marrried to the former Eleanor Lago and they
live in San Jose, CA.

Feb. 2, 1983
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Syvertson Gains Presidential Award

Clarence A. Syvertson,wDirector of NASA's Ames Research
Center, Mountain View, CA has been named by the President a
Distinguished Senior Executive. The award, presented by the
President at the White House, goes to "career Federal Executives
in the Senior Service whose performance has been
distinguished." Syvertson was one of only 38 Federal executives
so honored.

The Ames Director has also just received an Outstanding
Achievement Award from the University of Minnesota, his alma
mater.

Syvertson, who was cited for his outstanding management of a
research institution, became Director of Ames Research Center in
1977. He was Deputy Director of the Center from 1969 until
1977. He has been with Ames since 1948, when he joined the
National Advisory Committee for Aeronautics (NACA - NASA's
predecessor), as research scientist and assistant branch chief.

Since, he has authored 32 technical papers and articles.



Syvertson became chief of the 3.5-foot Hypersonic Wind Tunnel
Branch in 1959. From 1963 to 1966, he was Director of the
Mission Analysis Division. In 1966, he was named Ames Director
of Astronautics, a position he held until becoming Deputy
Director in 1977.

Syvertson received the NASA Exceptional Service Medal in 1971
for heading the joint Department of Transportation-NASA Civil
Aviation Research and Development Poliecy Study, during a year-
long assignment in Washington, D. C. 1970-71.

Earlier awards include the Lawrence Sperry Award from the
American Institute of Aeronautics and Astronautics and the Space
Act Invention Award. He was named a Fellow of the American
Institute of Aeronautics and Astronautics in 1977 and a Fellow of
the American Astronautical Society in 1978. He is on the Board
of Governors of the National Space Club; and the Engineering
Advisory Councils of the Universities of Minnesota, California,
and San Jose State. In 1981, he was named to the National Academy
of Engineering, the highest distninction in U.S. engineering.

He earned Bachelors and Masters Degrees in Aeronautical
Engineering from the University of Minnesota, 1946-48, and
completed the Advanced Management Program of Harvard Business
School in 1947.

A native of Minneapolis, Minn., Syvertson now lives with his
wife, Joann, and daughters in Saratoga, CA.

- end -
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RECYCL.ING COULD SAVE MONEY FOR FUTURE NASA SPACE MISSIONS

[nhabitants of & future space station could save millioas of
dollar~s by growing their own food.

A study conducted by Boeing Aerospace Co., Seattle, for
NASA's Controlled Ecological Life Support System (CELSS) program
at Ames Research Center looked into the recycling needs of future
NASA missions.

NASA astronauts have always carried supplies such as food
and oxygen and have stored waste. But weight penalties and
transportation costs for longer missions and larger crews could
prohibit storing or resupply in the future. At some point,
recycling refuse into consumable supplies will become
economically attractive.

Boeing researchers looked at NASA planning forecasts for the
next 50 years and examined six typical missions to determine
which of them could benefit from recycling. The missions
examined include:

* A Low Earth Orbit (LEO), Low Inclination space station;

* A LEO, High Inclination space station;

(more)
Marech 11, 1983



¥ A military command post in an orbit at about 212,430
kilometers (132,000 miles) altitude;

* A Lunar Base;

¥ An Asteroid Base; and

*# A Mars Surface Exploration mission.

For the study, weight and cost of storage and resﬁpply were
compared to weight and cost of equipment needed to grow food and
recycle waste.

Three systems were compared in the study:

# A1l food provided by storage and resupply; water and
oxygen recycled by physical-chemical processes.

¥ Plant growth to contribute 50 percent of the diet, with 50
percent supplied as packaged food; water and oxygen
recycled by both physical-chemical and biological
processes.

¥ Plant growth to contribute 97 percent of the diet, a
vegetarian diet, with the remaining three percent supplied
by vitamins such as B-~12, seasonings and other condiments;
water and oxygen recycled by biological processes.

Although the study indicated recycling would save money for

all long-duration missions, it was found to be impractical for
the Mars mission because of its relatively short duration. The
most effective use of recycling was the Low Earth Orbit Low
Inclination space station -- the earliest of the missions planned
-- this would be a permanently occupied station at an inclination
of 28.5 degrees.

The study envisioned this station as a four-to~12-person

center responsible for assembly and construction of complex

spacecraft, service and basing of upper stages and service of

free-flying satellites.

(more)
March 11, 1983



For a space station which would operate longer than six
years, regenerating 50 percent of the diet is less costly than
resupplying the required food.

If the station operates more than eight years, producing 97
percent of the diet is more economical than resupplying an
equivalent amount of food. A conservative estimate indicates
this system would save at least $68 million over a 15-year space
station lifetime.

Other missions studied and their results:

* Low Earth Orbit -- High Inclination: A four-person,
scientific station to investigate various aspects of the Earth
and Sun, located in a Sun-synchronous orbit at an inclination of
about 97 degrees. The system using plants to contribute to 50
percent of the food needs would become cost-effective at 5 1/2
years and a system contributing 97 percent would be best used for
seven years, compared to total resupply.

* A command post in a circular orbit, supporting four to 24
people with infrequent resupply, would find a 50 percent system
to be cost effective after about 10 years. By 15 years, the
potential cost savings for a 50 percent system amounts to $30
million. A 97 percent system would be cost-effective at about 13
years, when compared to the cost of resupplying the post.

¥ Lunar Base: A habitat located on the lunar surface with
12 to 48 personnel, primarily concerned with transporting lunar
s0il to lunar orbit for use in construction and manufacturing
missions, would find a 50 percent system cost-effective at 5 1/2

years and a 97 percent at seven years, as compared to the cost of

resupply.

(more)
March 11, 1983



* Asteroid Base: A mining mission to extract minerals from
an asteroid belt, using as many as 5,000 personnel, would use the
97 percent system to show an economic break-even point at about 2
1/2 years -- about the time of the first resupply and rotation
cycle.

¥ Mars Surface Exploration: A Mars mission involving
extensive travel time (about 1,000 days) and a manning commitment
of eight personnel would call for all food to be stored and/or
resupplied. A 50 percent system would not pay off for five years
and a 97 percent system would not be cost-effective for nine
years. Such extended durations are outside the scope of this
mission.

The CELSS program is under the jurisdiction of the NASA
Office of Space Sciences and Applications and is managed at Ames
by Robert MacElroy.

i
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Pioneer 10, First Spacecraft to Leave the Solar System,

Passes Beyond All the Known Planets.




Pioneer 10 Beyond the Known Planets

S o On June :3th of this year, the U.S. unmanned spacecraft,
Pioneer 10, will 2ross the orbit of Neptune. With that crossing,
Pioneer will be farther out from the Sun than any known planet,
and will, in effe:t, have left the solar system. Though Pluto is
nermally the outermost planet, its orbit is so elliptical‘
(elongated) that fc¢r the next 17 years it will be inside
Neptune's orbit, and Pluto will never agzin catch up with
Pionecr.

“This first fi:zht by & spacecraft beyond the planetz is an
event which will ocour only once in huwan history.

Pioneer carrice a message for any intelligernt beings who
might find tﬁe suzezeraft, which arter traveling 3.5 billion
miles is by far tne ‘ongest-distance letter ever sent.

Other definiticas of solar systen limits exisv. Some are:
the proposed cozet bel? (lort cicud) at abeut 50,000 astronomical
units (& trillicn 650 bililon wiles ocut from the Sur), for
examnle; or the Fiuecctveting boundury between the Sun's atmesphere
(the heliosphere} and tre iaterstellar gas, at perhaps five to

ten billicn miles cut.

However, tne most tangible, obvious, and popular of these
limits is the poinit outside ull the krnown plaunets, 2.8 billion

miles from the Sun.



Experts at NASA's Deep Space Network expect to be able to
track Pioneer out to somewhere beyond five billion miles.

NASA and other groups plan to mark the historic flight of
Pioneer, the first man-made object to leave the solar system,
with ceremonies involving Pioneer participants, investigators,
and other interested people. ) v

Since launch in 1972, Pioneer 10, the first spagecraft to
Jupiter, has traversed the asteroid belt, survived Jupiter's
punishing radiation belts, and operated almost without flaw. By
June 13, 1983, Pioneer 10 will have traveled 3.59 billion miles
on its flight path, will have received over 98,900 commands from
Earth, and transmitted more than 126 billion bits of scientific
data. At Neptune-orbit-crossing, 2.8 billion miles out, rate of
travel for Pioneer will be 30,558 mph.

The Pioneer 10 project is managed by NASA's Ames Research
Center, Mountain View, CA. Pioneer 10 was built by TRW's Space &
Technology Group, Redondo Beach, CA. The spacecraft had an
original design life of 21 months and has performed almost
perfectly for more than 11 years.

New Jobs for Pioneer

With one exception, the far-traveling U. S. spacecraft
continues to function well, and is currently engaged in a new
enterprise, defining the extent and behavior of the Sun's
atmosphere, the magnetic bubble which contains the Sun and the

planets. This "bubble" in the interstellar medium is called the

heliosphere.



Pioneer 10 data also is currently being used to seek a
possible>dark star companion to the Sun, for which there is
siénificant scientific evidence (unexplained deviations in the
orbité of Uranus and Neptune). Less likely, these deviations
c;uld be due to a relatively close-in tenth planet. Because of
ité'gréat distance away, Pioneer also will provide a unique
ihétrﬁment for attempting the first detection of gravity waves

employing enormously long wavelengths never before observable.

The Plague

N

" Pioneer carries a message to any intelligent life who might
fkﬁdAthé spacecraft on its interstellar wanderingé. VThis'message
ié a sort of drawing-map, engraved on an anodized aluminum
plaque. "The plague" shows location of the Earth and Solar
Syétem, é man and a woman, and some pbints of basic science.
hn?'bver the next 850,000 years, Pioneer's closest approach to
any sﬁar system probably will be to the star, Ross 248. This
will take place 32,610 years from now, with passage at 3.27 light
feaﬁs from the star (a big distance). Star trajectories are not
ﬁeIl-kndwn, and beyond 850,000 years, closer approaches may well
6ececur. At typical star-separation distances, Pioneer might
expect a relatively close approach to a star system on an average
of once every million years.

Pioneer 10 will be farther out than Pluto at 2 p.m. PDT on
April 25, 1983, 4,472,497,438 km (2,779,209,908 miles) from the

Sun. (At Pluto distance, Pioneer's speed of travel will be
30,613 mph.)
At 5 a.m. PDT, on June 13, 1983, the spacecraft will cross

the orbit of Neptune at 4,527,978,612 km (2,813,685,909 miles)



from the Sun. It will then bhe ouvtside all of the known planets
in the solar system.

At Pioneer's Neptune distance of 2.81 billicn miles, it will
take four hours and 20 minutes for spacecraft data, traveling at
the speed of light, to reach the Pioneer Operations Center at
NASA's Ames Research Center, Mountain View, CA. This is a round-
trip communication time of 8 hours and 40 minutes. At Pluto
distance, one-way light time will be 4 hours and 16 minutes. At
Neptune distance, communication time will be increasing at an
average of about one minute every four days.

Despite damage from intense Jovian radiation, and hits by
tiny micrometeoroids, plus 11 years of continuous operation;
almost all systems are performing well. Pioneer's magnetometer
ceased to function in 1975, but experimenters can calculate the
interplanetary field from charged particle trajectories, magnetic
data already gathered, and several correlations from five other
Pioneer scientific instruments.

Scientists await current spacecraft findings "with intense
excitement," says Dr. James A. Van Allen, University of Iowa,
Pioneer 10 experimenter, "becaus=s we think the Sun is typical of
a majority of the stars in the universe. It's the only star we
can measure from 'close up'. Finding the extent and exact
mechanisms of the Sun's atmosphere will tell us a great deal

.

about the Sun itself, about the interstellar gas surrounding the

solar system, and hence about stars in general.™



" The Helinrsnhere

The picture now emerging seems to show that the heliosphere
is enormous, far larger than predicted. The heliosphere (create
by the million~mile-an-hcur solar wind, blowing out from the Sun
in all directions) appears to be a tear-shaped magnetic bubble.
The bubble is "streamlined" by the motion of the solar system
through the interstellar gas. (See illustration.)

- Pioneer is traveling "down the tail" of the heliosphere
tear drop. The spacecraft is seeking the "skin" of this
heliospheric bubble, the boundary between the Sun's atmosphere
and true interstellar space. No one knows, but scientists think
this boundary region may lie between five and 10 billion miles
from the Sun.
~#2<'At 'the long-lived spacecraft's current distance, the Earth
would be seen as a pin point of light, never more than 2.2° away
from a Sun still intensely bright, but no larger than a pin
head. Because of this huge distance, and the decline in |
brightness of the Sun, Pioneer's sun sensor will not be able muc
longer to provide the sun pulse, which gives rotaticnal position
of the spinning spacecraft several times a minute. However,
NASA-Ames mission controllers have devised, and will soon be
using, a method of making star maps with the Pioneer camera

(Imaging Photopolarimeter) to provide the needed rotational and

attitude data.

d

h



Pioneer-19 Accouplishments

Pioneer 10 has an array of achievements and disccveries.
Some are:

1. First trip to Jupiter.

2. First crossing of the Asteroid Belt and finding that it
presents little hazard to spacecraft.

3. Discovery that Jupiter is a liquid planet.

4. First model of Jupiter's huge, pulsating, magnetosphere
and tremendously powerful radiation belts.

5. First accurate measurements of mass and densities of
Jupiter's planet-sized moons, key to the pianet's formation
history.

6. First closeup pictures of Jupiter's Great Red Spot and
belts and zones showing details of atmosphere circulation.

7. Proof of origin of the gegenschein and zodiacal light
(interplanetary dust).

Other Recent Findings

Recent Pioneer discoveries about the space at the edge of
the solar system raise other new questions.
We now believe the heliosphere bubble "breathes" in and out

once every ll-year solar cycle, says Dr. John Simpson, University

of Chicago, Pioneer experimenter.

.The shock waves of the enormous storms on the Sun seenm to
persist in the heliosphere for as long as a year, prcbably
changing the heliosphere bubble's shape, as if it were a huge

pulsating jelly fish.



"It's hard to overstate the interest of the physics coming
out of this phase of the Pioneer mission." comments Dr. Aarbn
Barnes, NASA-Ames astrophysicist. "¥We are constantly entering
unexplored territery; and we really don't know what wefll learn
about our local star.®

-~ 0Other recent findings about the helioaphere:

1),The solar wind was expected to slow with distance from
the Sun, but this has not happened. Almost no motion energy has
been lost as heat.

2) The primary source of turbulence in the outer heliosphere
is storms on the Sun, not solar wind collisions.

- 3) Near solar maximimum, cosmic ray particles incoming from
the galaxy in all velocity ranges (even necar light speed) become
half as numercus or are shut out completely from the heliosphere.

) For unexplained reasons, high velocity streams of
electrons from Jupiter moving through the heliosphere don't
wobble as expected from the planet's axial tilt.

5). The heliosphere is bisected by a 'flapping' current
sheet, aligned with the Sun's equator, and believed to extend to
the interstellar boundary.

6) As éolar storm activity builds up, the heliosphere is

believed to deform into a more oval shape lined up with the Sun's

equator, from its rounder shape at solar minimum. It also may

expand in size.

March 16, 1983
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To editors
The attached Fact Sheet describes the passage, for the first

time in human history, of a spacecraft beyond all the known
planets.

Because this is a notable occurence (and to some extent
because of the precedent-breaking record already established by
the spacecraft, Pioneer 10), news media may well want to take
special note of the event.

Various groups, including NASA, plan to mark the occasion
with ceremonies and other activities.

These will include an event in Washington for Congress, the
Executive, industry, and the public; ceremonies at TRW, Redondo
Bezch, CA, builder of the spacecraft; and at NASA's Ames Research
Center, Mountain View, CA, Pioneer Project manager; actions by
various scientific bodies; presentations to Congress, and similar
activities.

For media such as TV and magazines which may need long
advance notice, NASA- Ames, NASA-Headquarters, and TRW have
assembled substantial material on this event. Photos, TV clips,
spacecraft and solar system animation, interviews with
scientists, and other material can be obtained from:

Charles Redmond, Code E-6 (202) 755-3054 or 755-8370
NASA Headquarters
Washington, D.C. 20546

Les Gaver, Code LFD-10 (202) 755-836¢
NASA Headquarters
Washington, D.C. 20546

Peter Waller, Public Affairs {415) 965-5091
NASA-Ames
Moffett Field, CA Q4035



Julie Wright, Public Relations Manager (213) 536-1500
TRW Electronics & Defense, Bldg. E-2-9063
1 Space Park

Redondo Beach, CA 90278

March 16, 1983
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ECLIPSE PROVIDES NEW SOLAR DATA

An international team of scientists flying through the
moon's shadow during a total eclipse have discovered the sun may
be bigger than it looks.

New infrared measurements of the sun were made from NASA's
Kuiper Airborne Observatory, a four-engine jet aircraft equipped
with a large infrared telescope, flying gt»13 kilometers (43,000
feet) over the Pacific Ocean on July 31, 1981; The scientists
found that the diameter of the éﬁn viewed in infrared light is
significantly greater than in visible light, as it is normally
seen. This is important for studying the upper atmosphere of the
sun. The results were reported in a paper published in the
January first issue of the Astrophysical Journal.

Almost all of the infrared radiation emitted by the sun
comes from the upper solar atmosphere, called the chromosphere.
The chromosphere is a hot thin layer of gas lying several
thousand kilometers above the surface of the sun. The

-more=



chromosphere also emits almost all of the sun's ultraviolet
radiation, which causes millions to tan - and millions more to
burn - every spring and summer.

Scientists believe these new infrared measurements indicate
regions of dense material extending higher into the chromosphere
than previously realized. The scientists are busy studying the
new infrared data to understand more about the temperature and
structure of the solar chromosphere.

The observations were a collaborative project made by a team
of scientists and technicians from Hawaii and California and the
United Kingdom. The effort was headed by infrared astronomer Dr.
Eric Becklin from the University of Hawaii. Two other infrared
scientists, Drs. Michael Werner, from the NASA-Ames Research
Center, and Ian Gatley, from the United Kingdom Infrared
Telescope, at Mauna Kea were instrumental in the project. Three
solar scientists from Hawaii, Drs. John Jefferies, Charles
Lindsey, and Frank Orrall worked on the project.

The Kuiper Airborne Observatory (KAO) carries its 91.5-
centimeter (36-inch) infrared telescope to high altitudes to
observe faint infrared radiation from stars, dust clouds, and
distant galaxies.

This was the first time the KAO had been used to observe the
sun.

Most infrared radiation from astronomical sources is
absorbed by water vapor in the earth's atmosphere. The KAO can
ascend to the earth's stratosphere to observe infrared light that

~-more-



cannot penetrate to the earth's surface. For this observation
the KAO was flown to Japan from its base at Ames Research Center
in California. From Japan it was able to reach the North
Pacifiec, not far from the coast of Siberia, to observe the
eclipse in full totality. Precise navigation was required to
intercept the moon's shadow as it swept across the earth's
surface at over 1,600 kilometers per hour (1,000 mph).

The sharp edge of the moon, as it eclipsed the edge of the
sun, was used to discriminate the infrared edge of the sun at the
point where the solar crescent disappeared. This allowed a much
finer discrimination of the sun's edge than can normally be
resolved by a powerful telescope. The continued detection of
infrared radiation several seconds after all visible light from
the sun was totally eclipsed shows that the infrared edge of the
sun extends more than 2,000 km (1,250 miles) outside the visible
edge. '

This is a much greater extent than is predicted by existing
models of this region of the sun. The chromospheric density
structure suggested by these new observations may be related to

other features of the solar atmosphere, such as magnetic storms
and sunspots, and ultimately to the solar flares which disrupt

terrestrial communications.

-end-
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To Editors: R

On Monday,“ggg;lWZS, at 2 p.m. PDT, the Pioneer 10
spacecraft--which made the first trip to Jupiter, first passage
of the Asteroid Belt, and first use of planetary swing-by for
velocity increase--will be farther from the Sun than the planet
Pluto.

This will be the first time in human history that a
spacecraft will have traveled beyond eight of the nine planets,
almost 2.8 billion miles from the Sun. Six weeks later, Pioneer
will cross Neptune's orbit and be outside all of the known
planets, effectively outside the solar system. (Because its
orbit is so elliptical, Pluto, normally the outermost planet, is

currently inside Neptune's orbit and will be for the next 17
years.)

A news briefing on these events, and current Pioneer science
return and operations, will be held at NASA's Ames Research
Center, Mountain View, CA at 10 a.m., April 25, 1983.

A film clip will be available for TV and still photos for
print media. There will also be a model of the solar systen,
with spacecraft. A tour of the Pioneer Control Center will show
operations, outgoing commands, and incoming science from 2.8
billion miles away. Light time for the Pioneer radio signal is
now four hours and 20 minutes one-way.

Reporters and photographers can also be present in the
Control Center at the moment of Pluto distance crossing, 2 p.m.
PDT, as well as at the time the signal sent from the spacecraft
at Pluto distance reaches the Earth , 6:20 p.m. PDT.

Reporters planning to attend should come to the NASA gate of
Moffett Field, from which they will be directed to the briefing
in the Space Sciences auditorium at Ames.
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Pioneer 10 To Pass Beyond Pluto

On April 25th, at 2:00 p.m. PbT, the Pioneer 10 sﬁacécraft
will be farther from the Sﬁn than the planet Plutd.-This.will be
the first time in human history thatva Spaéecraft will>have
traveled beyond eight of the nine planeté, almost 2.8 billion
miles from the Sun. o |

That will leave only Neptune of the nine known plénets lyiné
still farther out. Pioneer 10's outbound path will cross
Neptune's orbit on June 13th. On this date, the spacecraft‘wili.
effectively leave the solar system.

'Normaily Pluto is the outermost blanet but because its orbit
is very ellipticall(like a slightly sguashed'circle with thé Sqn
off-centeh), Pluto ecan éometimes be hearer to the Sun than

Neptune. This will be the case for the next 17 years.
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Ploneer 10 was the first craft to travel to Jupiter, made
the flrst passage through the Asteroid Belt, and was the first to
use planetary swing-by for velocity increase. Pioneer is managed
by NASA's Ames Research Center, Mountain View, CA.
udh‘_ Ploneer 10 data is currently being used to seek a possible
dark star companion to the Sun, which is suggested by unexplained
deviations in the orbits of Uranus and Neptune. Because of it
ﬁuge distance, Pioneer also provides a unique instrument for
attempting the first detection of gravity waves by measuring
énormousiy long wavelengths, never before observable.

When Pioneer passes Pluto's distance it will have traveled
nearly 3 5 b11110n miles on 1t's curving flight path across the

-solar»system.
For the Space Shuttle Challenger to cover an equal distance
- it would have to orbit the Earth 107,690 times. At Challenger's
orbital speed of 17,000 miles an hour, this would take over 20
years of continuous orbital travel.

Radio sighals, moving at the speed of light, require more
than four and a quarter hours to cross the vast distance between
Earth and the spacecraft.

. NASA scientists typically send Pioneer 10 a message when
they.arrive at work in the morning and don't receive a reply
unﬁil quitting time, eight and a half hours later.

The 1ight-travel time between Earth and Pioneer increases by
‘about a minute evéry four days.

Pioneer 10 is traveling away from the Sun at over 30,000

miles per hour. Escape velocity from the solar system is 25,725



miles pef hour. o

Pioneer will be the first human artifact to leave the solar
system. »

Launched March 2, 1972, Pioneer 10 waé designed to last for
the 25 months it took the craft to rendezvous with Jupiter, its
primary mission. | | |

. But even after nore than a decadéyin space,vscientisté are
able to opérate the spacecraft aimost without a flaw andbget back
valuable scientific information.

The spacecraft sends its informatioh with ah eight-watt
‘radio transmitter, a power equivalent to a Christmas tree light.
It uses é parabolic radio dish to focus the fadio signal into a
narrow, degree-and-a half wide, conical beamn. o

Despite such a "tight"™ beam, by the time the éighal_réaches
Earﬁh’it has spread over an area more than eleven million miles
acfoss.

When it is received by the 210-foot-diameter radid antennas
of the Deep-Space Network (DSN), the original eight—watt signal
has weakened to twenty thousand trillionths of a watt |
(.000,000,000,0600,000,000,001 watt). | |

According to Pioneer Project Manager Richard Fimmel, if the»
.signal from the spacecraft could be collected andAstored’with one
of the DSN radio dishes for 67 million years,'the total energy
collected would not be enough to;power a seven—ahdéa-half-watt
liéht bulb for even one-thoﬁsandth of a second.

That such a tiny signal is detectable at all is a tribute to

the tremendous increases in antenna sensitivity that have



occurred since the spacs::-:7%'s launch. ‘

NASA hopes to track ° ser 10 with the DSN radio receivers
fof another eight years, ¢ ‘0 a distance of five billidn'miles,
2.2 billion miles beyond - ‘pacecraft’s present dis£ande.

"Tracking the spacecr: out to such a distance will provide
scientists the informatic:: .o build a much better picture of the

"heliosphére."

The heliosphere is the diffuse‘eXtensién of the Sun's outer
atmosphere that surrounds the entire soiar system -- a huge
magnetic "bubble" created by the million—ﬁile-an-hour solér wind.

Pioneer 10 has discovered that the heliosphere extendsAmﬁch
farther than previously thought. Previously, the heliosphere's
boundary, or "heiiopause," was believed to lie just beyohd
. Jupliter, |

‘But Pioneer 10 is six times that far out and has yet to
éncodnter the bdundary. | |

Pioneer 10 has found that the heliosphere éhanges in
response to magnetic storms on the Sun. It alters it's bubble-
shapé as if it were a huge, pulsating jellyfish.

The heliosphere also responds to the normal eyclic activity
of the Sun. o | o |

We nowAbelieve the heliosphereébubble "breathes" in and ogt
once every 1i-year solar cycle, says Dr. John Simpson,.Univefsity
of Chicago, Pioneer experimenter.

Pioneer carries with it a:mésSage to any intelligent 1ife
who might encounter the craft on it'sAinterstellar wanderings.

This message is part map and part drawing engraved on a
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gold-ancdized aluminum plaque. The mab shows the location of the
solar system and Earth referenced to éasily identifiedlébjects
(pulsars) in the galaxy.

The plaque also features a drawing of a man and a woman,
with the man's hand raised in a gesturerf greeting, and some
basic scientific points to be used in interpreting‘the diaéram.

| Other Pioneer 10 accomplishmenté include?

The discovery that Jupiter is a liquid planet;

The first model for Jupiter's huge, pulsatihg magnetosphere
and tremendously powerful radiation belts; |

The first accurate measurements of the masses and densities
of Jupiter's planet-sized moons; | |

The first close-up pictures of Jupiter's Great Red Spot and
.thevcirculation belts and zonés of the giaht planet's swirling
atmosphere. |

Pioneer 10 has also provided proof that interplanétary dust

causes gegenschein and the Zodiacal light.
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Pioneer 10 Spacecraft Departs Solar System

The first departure of a spacecraft from the solar system
will occur on Monday, June 13th at approximately 5:00 am PDT.

At that time, the Pioneer 10 spacecraft will cross the orbit
of Neptune and be farther from the Sun than all of the knpwn
planets. Activities in several parts of the country will
commemorate Pioneer'slachievement.

Pioneer's final step across Neptune's orbit happens at a
distance of 2.81 billion miles from the Sun. Neptune is currently
the outermost planet. Pluto will be nearer to the Sun th;n
Neptune for the next 17 years because part of its elongated oval
orbit lies inside Neptune's orbit.

Pioneer is managed by NASA's Ames Research Center, Mountain

View, California. t was the first spacecraft to cross the

- Asteroid Belt, fly by Jupiter, chart Jupiter's intense radiation

4 o . p
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belts, measuré:the mass and density of its four planet-sizéd
moons, and find that Jupiter is a liquid plangt. It now becomes
the firét craft to depart from the solar system.

"”*Sﬁféntfsts”balculate that ‘Pioneer will travel among the
stars virtually forever because the vacuum of interstellar space
is so empty and, hence, non-damaging to spacecraft. Pioneer
should even outlast the solar system itself when, about five
billion years from now, the Sun becomes a Red Giant and engulfs
the Earfh.

"Iﬁ's exciting to think about the spacecraft," says

Catherine McGhan, mission operations manager. "Every time a Deep
Space Network receiver locks onte Pioneer, it's like an athlete

setting a record." 5 )

'_
4

Piqneer continues to gather ahd relay detailed scientific
informaﬁion from the previously unexplored outer reaches of the
solar system. Virtually all systems are performing flawlessly
after mére than 11 years in space.

"Tracking Pioneer for so long lets us measure the Sun's full
range of phenomena, something we'll never do for similar stars
even with the best telescopes," sa}s project scientist Palmer
Dyal.

Perhaps the most important finding about the outer solar

"system is that the Sun's atmosphere, the heliosphere, does not

end at the orbit of Jupiter as previously believed. Pioneer is
now six times that distance and has not yet detected the boundary
of the solar atmosphere or any lessening of the Sun's influence.

Scientist's now believe that this boundary may be twice Pioneer's

! .
3y



present distance. |

A tenth planet or, more likely, a dark star at tﬁe outer
fringes of the solar system may well be located by measuring
changes in Pioneer's flight path. Such an object has long been
suggested by unexplained irregularities in the orbits of Uranus
and Neptune.

Tracking Pioneer to its‘great dis£ance also gives
scientist's a unique opportunity for deteqting "gravity waves," a
form of radiation predicted by'Einstein's theory of relativity.

In theory, huge events such as collisions between galaxies
or two massive black holes would "rattle" the entire‘universe,
and such waves may be detectable in the extremely long |
wavelengths (one to three billion miles) thathioﬁéEE can
measure. | - _ ‘

Scientists have been expecting that as Pioﬁeer nears the
limit of the Sun's influence it should detect increasing numbers
of cosmic rays. But even at almost three billion miles, the-
magnetic field of the heliosphere still shelters the solar system
from all but the fastest-moving cosmic ray particlés.

Because Pioneer will last in interstellar space for billions
of years, it is being used much as a castaway uses a bottle to
carry a message across the seas. ;

Pioneer carries an easily-interpreted message in the rare
event @hat it encounters any beings on its journey. Engraved on a
gold—aﬁodized aluminum plaque, the message features a drawing of

a man and woman, a diagram of the solar system, and a map

~locating the solar system with reference to some galactic



)
"lighthouses”" (pulsars).
.Pieneer crosses Neptune's orbi£1e£l2,813,685,909 miles from
‘the Sun‘and départs at 30,558 miles peb hourﬁfe travel among the
stars 1n Sol's neighborhood of the Milky Way. It 301ns those.
stars 1n orbit around the center of the galaxy. 4 »

Pioneer's first encounter with a star happens 10,507 years
from now when it passes Barnard'sMStar at a distance of 3.8 light
years. Barnard s star, a cool, small red star, changes 1ts
p031tlon in the sky faster than any other star.

The spacecraft's nearest encounter will be with a star named
Ross 2”8 a red dwarf "flare"™ star. Ross 248 gives off flares
31m11arito solar flares only much more powerful. Pioneer passes
Ross Zué;at’3;2 light years more than 32,000 years from now.

Also among the scores of stars Pioneer will pass in'the next
800,000 years 1s Altair, a star hotter and bigger than the Sun
and nearly nine times as brlght.

PipneerfSEprimary mission was an encounter with Jupiter in
MDeeembe} 1973, 21 months after igs launch in March of 1972. Now,
nearly a decade later, the craft is on an "extended” mission
'leoking for a tenth planet and gravity waves, ;harting galactic

cosmic rays, and making a range of findings about the

heliosphere. (See Pioneer 10 Background, Rel. No. 83—19.)

The heliosphere is created and maintained by the solar wind,

a million-mile-an-hour flow of charged atomic particles "boiling"

off the Sun's surface. s
Pioneer is seeking the heliopause, the boundary where the

solar wind "dies" as it hits the intersteilar gas. Scientiste

. ’
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-.believe that at this boundary the solar wind piles up and is
heated in a shock front.

. -The leading edge of the heliosphere'is thought to be blunted

...-and the trailing edge stretched out as the solar system moves at

_...66,000 mph through the‘interstellar gas. Because Pioneer 10 is

thought to be traveling down the extended "tail" of the

[

- heliosphere, opposite the direction of the .Sun's motion, it may
.. .not.reach the heliopause whileiit still. has electrical power.
-----.-. Project manager Richard Fimmel expects that NASA will be
able to track Pioneer until the craft's radioisotopic generators
--- give out around 1994. The craft would then be some five billion
. - miles from the Sun. R
.Even now, though, Pioneer's sun sensor is almost insensitive
to-the Sun's fading image. To get information for determining
Pioneer's orientation, controllersiare:reprogramming the camera,
s wwhiph returned pictures during Pioneer's passage by Jupiter, the
Imaging Photopolarimeter (IPP). The IPP will detect star images
_----and take over the sun sensor's duty.
~2-- - = -MThe science instruments need to know the craft's
- _orientation,”™ says Alan Fernquist, assistant flight director for

. Pioneer. Without that information they can, for example, only

. - -tell how strong the solar wind is, but not which way it blows.

-.. . Once Pioneer enters interstellar space it will last
- ~essentially forever. The most damage Pioneer suffers is due to
the solar wind and micrometeoroid impacts.
" The solar wind wears away a tenth of a centimeter of the

Moon's unprotected surface in ten billion years. Micrometeoroid

M .



impacts would remove a full centimeter in this same time.

Pioneer will experience these slow erosive processes for
less than 100 years, so their total damage will only be slight.

In interstellar space only cosmic rays disturb the craft.
But they either pass completely through the craft or o6nly
temporarily disturb the electrons in the metal of the spacecraft.
Cosmic rays have almost no net effect on Pioneer 10.
| Pioneer's departure from the solar system will be honored by
ceremonies at Ames Research Centef in Mountain View, California,
at TRW in Redondo Beach, California, and at the Smithsonian
Institution in Washington, D.C.

Ames Research Center is the site of the Pioneer operations
control center which controls and communicates with the
spacecraft.

TRW Space and Communications Croup built both Pioneers 10

and 11.
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. : Pioneer 10 Background

To editors: Pioneer 10 will be beyond all the known planets
on June 13, 1983 at 5 a.m., PDT, the first such flight in human
history.

"Pidoheer now has piled up a number of accomplishments.

Descriptions of times, distances, performance, and other
circumstances of the spacecraft and its operating system also are
striking, and are listed here.

Pioneer is operated and managed by NASA's Ames Research
Center, Mountain View, CA. The spacecraft was built by TRW Space
and Communications Group, Redondo Beach, CA. Tracking and data
return is by NASA's Deep Space Network.
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Unusual Circumstances

1) Pioneer will pass beyond the outermost planet at a speed
ofN30”558 mph. This is almost a million miles per day, around a
third of -a billion miles per year.

2) Ploneer carries the longest-distance letter ever sent,
the~pkaque: designed by karl.Sagan, showing a-man-and. a WORANy.. - acemma-
location of the solar system and other information. This
"letter" to beings who might find the spacecraft has so far
traveled 3.5 billion mlles.

Peter wallior SRR AT T IMMED . AT
J&) NASA hopes to track Pioneer 10 with the Deep Space
Network (DSN) radio receivers for another ten years, out beyond

five'billion miles, 2.2 billion miles beyond the spacecraft's
present distance.

4) Round-trip "light time" for Pioneer's 2.8 billion mile
communications is now 8 hours and 40 minutes. This means that
commands sent when controllers get to work are answered by
Pioneer at quitting time.

5) Pioneer sends its !information with an eight-watt radio
transmitter, which has a power equlvalent to that of a Christmas
tree light. When it is received by the 210-foot-diameter radio
antennas of the DSN, the original eight-watt signal has weakened
to one billion-trillionths of a watt
(.000,000,000,000,000,000,001 watt).

© 6) Ufc. the signal ‘from the spacecraft could be collected and . -
stored with one of the DSN radio ‘dishes for 67 million years, the
totdl €nergy collected would not be enough to power a seven-and-
a- half—wift 1lght bulb for even one- thousandth of a second.
10Nne e < 1 U s My o Lo [N IR
7) That such a tlny 31gnal is detectable at all is a trlbute
to the triemendous increases in receiver sensitivity achieved by
the<DeepISpace'Network since the spacecraft's launch in 1972.
stricine, N = e
8) Ploneer uses a nlne-foot parabolic radio dish to focus
the radld 31gna1 into a narrow, degree-ahd a half wide, conical
beam& ! 'Despite such a "tight" beam, by the time the signal has
covered ‘the 2.8 billion miles -to Earth it has spread over an
ared ‘more than eleven million miles across.

9) Because the orbit of Pluto, normally the outermost
planet, is such a stretched-out oval, Pluto will be inside
Neptune's orbit for the next 17 years. It will be close to
Neptune's orbit for the next 50 years. By 2050, Pluto will be
far outside Neptune's orbit, as well as high above the plane of
the other planets. Pluto and its newly-discovered moon Charon,
take 250 years to complete a trip around the Sun.



10) Pioneer's basic mission was for a 2t-month trip to
Jupiter. However, by now the rugged spacecraft has lasted 11
years, and may well last another ten years.

o

’v11) Because sdnlight beyond Mars is too weak to power solar
cells, the spacecraft uses a radioisotope power supply, which may
well run it for 21 years.

-ﬁr;'; 12) Currently, Pioneer is exploring the outer solar
' .atmosphere.

13) It is also looking for a tenth planet or dark star, and

for- evidence of universe-shaking collisions, in the form of
-.cgravity waves. These would have wave~lengths of one to three
<--billion miles. '

- v~

-

14) At the long-lived spacecraft's current distance (2.8
billion miles), the Earth would be seen as a pin point of light,
comever more than 2.2° away from a Sun still intensely bright (20

zotimes brighter than the Moon), but no larger than a pin head.

e

15) Over the next 850,000 years, Pioneer's closest approach
to any star system probably will be to the star, Ross 248. This
~will take place 32,610 years from now, with passage at 3.27 light
-- years from the star (a big distance). Star trajectories are not
~well-known, and beyond 850,000 years, closer approaches may well
coceur. At typical star-separation distances, Pioneer might
. expect a relatively close approach to a star system on an average
of once every million years.

o

i
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=~ 16) Since launch in 1972, Pioneer 10 has operated almost

" “without flaw. By June 13, 1983, Pioneer 10 will have traveled

-3:59-billion miles on its flight path, will have received over
98,900 commands from Earth, and transmitted more than 126 billion
bits of scientific data.

w
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Firsts

'2-1) First flight beyond Mars.
:f?ﬁff;g) First trip to Jupiter.
3) First crossing of the Asteroid Belt and finding that it
presents little hazard to spacecraft. '

_ 5) First passage through Jupiter's tremendously powerful
-“padiation belts (five to ten thousand times as intense as
Earth's, with millions of times the energy).

7) First closeup pictures of Jupiter's Great Red Spot and
belts and zones showing details of atmosphere circulation.



a8): First cr0531ngs of the orblts of Uranus, Pluto, and
Neptune.. .. --. . - .
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1) Ploneer 10 has ‘found that the heliosphere (the Sun's
atmosphere) extends much farther than previously thought.
Previgusly, the heliosphere's boundary, or "heliopause," was
believed to lie just beyond Jupiter. But Pioneer 10 is six times
that far Qutland has yet to encounter the boundary

- for evicden ) e T m s
gpa) Dlscovery that Juplter 1s a lquld planet R
L TC v
billia:, =
! 3) ﬁlrst model of Jupiter's huge, pulsatlng, magnetosphere
(a mllllon times the volume of Earth's)
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Q)wflrst descrlptlon of Juplter s magnetlc fleld i‘}iff}<
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5) Flrst accurate measurements of mass and densities of "
Jupiter's.planet- s1zed moons, key to the planet s formatlon
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6) Proof of orlgln of the gegenschein and zodlacal ‘light
(reflectlons of interplanetary dust pear the Sun ‘and inner

pla%etS) : ‘- E i ‘;"‘-f-?.;‘,."-;"‘ Sov -::q«; et ,,,j‘ - .rv”:;‘; o

ex - o < e s

nl)i?,The hellosphere (the magnetlc ‘bubble® formed by the sélar
wind, containing the solar system) appears to "breathe" in and
out onceevery.ll-year solar cycle.

[ O

85”“The shock waves of ‘the ‘enormous storms on the Sun seem”
to pgrsmst in the heliosphere for as long as-a year, probably:
changlng the heliosphere. bubble s shape, as if it were a huge’
pulsating jelly fish.

9) The solar wind was expected to slow with distance from

the Sun, but this has not happened ------ ‘Almost no motion energy has
been lost as. heat.

[

10).,As the solar wind thins out going away from the Sun,
scientists expected to find many more cosmic ray particles
penetrating the protective solar atmosphere.,‘This has not
happenned so far. s el T

R T

1) The primary source of turbulence in the outer
hellosphere is storms on the Sun, not solar w1nd coll131ons, as
in the inner solar system. )

12) Near solar maximimum, cosmic ray particles incoming from
the galaxy in all velocity ranges (even near light speed) become
half as numerous or are shut eut completely from the heliosphere.

- - NI [N B, EESU PR - T



13) For unexplained reasons, high velocity streams of
electrons from Jupiter moving through the heliosphere don't
wobble as expected from the planet's axial tilt.

14) The heliosphere is bisected by a 'flapping' current
sheet, aligned with the Sun's equator, and believed to extend to
the interstellar boundary.

15) As solar storm activity builds up, the heliosphere is
believed to deform into a more oval shape lined up with the Sun's
equator, from its rounder shape at solar minimum. It also may
expand in size.
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Because Pluto will-be inside Neptune’s orbit for the next 17 years, the current limit of the solar
system {distance of the outermost planet from the Sun) is at Neptune's orbit. Since Pluto takes
250 years tg circle the Sun, it will be relatively close to Neptune’s orbit for the next 50 to 75
years, long after’ Ploneer has departed into interstellar space. :
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Rel. No. 83-20

" To editors: A number of events are planned at several
_-~splaces in the country to mark the passage of Pioneer 10 beyond

the known planets. This schedule of these events is for your
information. : ’

Schedule of Events for Pioneer Solar System Exit

Thursday, June 9; Friday, June 10; Monday, June 13

(Some items still subject to change)
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Thursday, June 9, 1983

RGL . Lo e e A
10 a.m. CDT--Briefing at University of Chicago for Chicago
and mid-west news media.

Participants: Drs. John Simpson, Bruce McKlbben,:

niac t“ij““'other Ploneer experlmenters,

the
info

S G
R

;nformatlon. Larry Arbelter, University News Offlce
312-962-8358

Friday, June 10, 1983

11 a.m. PDT--News Conference covering NASA-Ames Pioneer ceremony
and advance on events of Monday, June 13.

Participants: Guastaferro Fimmel
Hall Van Allen
Dyal Simpson

12:30-1:30 p.m.. PDT—-Vlslts by news medla to Ploneer Control
Rl et e e T

2 p.m. PDT--Ames Research Center Solar System Exit’ ceremony-:
symposium (Program available)

Participants: e

Richard Fimmel, project manager
C. A. Syvertson, Ames Director
Charles Hall, project manager (retired)

Carl Degler, Pulitzer prize-winning historian, Professor,
Stanford University



James Van Allen, Pioncor exberiﬁenter, Professor University
of Iowa, discoverer of Van Alisn belts

John Simpson, Pioneer experimenter, Professor, University
of Chicago, former head of Fermi Institute, Chicago

Eric Burgess, author, co-founder, British Interplanetary
Society

3 p.m. PDT--Panel discussion, chaired by Eric Burgess,
including above participants, plus
Dr. Nicholas Renzetti, manger, Deep Space Network.

L ;ch,p.m' PDT--Refreshments, Ames Cafeteria

e (Above events available to news media; ceremony and
panel to be televised in hour special scheduled on PBS
stations, nationally; Channels 9, 32, 54, and 60 in the Bay

‘Erea.)

Guests: Pioneer people and Ames officials,

- academic, scientific, and local guests,
~ VIPs, Congressmen, news media.

Location: Ames main auditorium and Ames Cafeteria

“Monday, June 13

4:30 a.m. PDT--Major event, Pioneer Operétions Center
Arrangements for news media, especially network
morning shows.

©2::5:300 a.m. PDT--Neptune orbit crossing

a) Telemetry and science data
b) Picture by Arizona from 2.8 billion miles
S ¢) Crossing orbit on Control Center display
o d) Second display shows galaxy and Pioneer star
travel.
U e) Other items as in Pluto crossing. Possible
— Neptune trident, coffee and rolls or other
early morning fare.
- f) Celebration by spacecraft controllers,
officials.

7:00 a.m. PDT (10 a.m. EDT)--White House ceremony or
other Presidential recognition (tentative)

9:00 a.m. PDT--News reporters arrive at Ames, go to Control
Center |
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9:20 a.m. PDT--Real signal reaches Control Center, second o
.:;75'\ celebration of sorts. ' S TeE e

Information and visuals for 5 a.m. event,
also available at 9:20 a.m..
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10:00°a ’m. ' PDT-_News briefing re event and significance

'U

arélcipants' Dyer = - Colin .
_ L Ballhaus _ other to be chosen
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10:00 a.m. PDT--TRW News Briefing re Pioneer 10, Redondo Beach,
R . .CA; TRW officials and project people
pUESLe: ’Piggeer signal piped in from Ames.
11:00 a.m. PDT (2 p.m. EDT)--Congressional space caucus
. ceremony (tentative)

[ R CN

'4:30 p.m. PDT (7 30 p.m. EDT)--Smithsonian reception

Monesy, witr gttendees: Congress, NASA, OMB,

530 A Dﬁ"__kaQQustry, DOD, news media, other notables.
Spéeeébéfttsignél'piped in from Ames.

PDT--TRW _Redondo Beach, evening reception for

'spacecraft builder project people and
others
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Balloon Drop Test for Jupiter Atmosphere Entry Spacecraft

A high-altitude balloon-drop test of the Galileo Atmosphere
Probe spacecraft, which will make the first descent into the
atmosphere of Jupiter, is scheduled for no earlier than
Wednesday, July 20, at White Sands Missile Range, New Mexico.

The Galileo spacecraft will be launched to Jupiter in mid-
1986. It consists of an orbiter and atmosphere probe, and will
reach the planet in late 1988. The probe craft will separate
from the parent spacecraft 150 days before arrival at Jupiter,
and will fly 200 miles down into the atmosphere of the giant
planet, penetrating below the swirling clouds to a pressure level
20 times higher than that on the Earth's surface. Data obtained
during the descent of the probe will be transmitted to the
overflying orbiter, which will relay the information to Earth.

This will be the first direct sampling of the atmosphere of any



of any outer planet. Scientists are extremely curious about the
composition of Jupiter's atmosphere, and the dynamics of its
clouds. This data will tell about the evolution of the solar
system, our weather on Earth, and about giant Jupiter itself.

o .At‘gﬁe test drop altitude, the spacecraft (consisting of the
Galileo Deceleration Module and the Descent Module) will separate
from the balloon. As it drops, it will experience dynamic
pressure and deceleration forces virtually identical to those it
is expected to encounter in Jupiter's atmosphere. Purpose of the
high-altitude test will be to demonstrate the Galileo parachute
deployment sequence, and separation of Deceleration Module from
the Descent Module.

The balloon drop will be made from about 100,000 feet above
the Earth (19 miles) The polyethylene balloon has a 5.14 million
cubic foot capacity. Air Force technicians will launch the
balloon from Roswell, N. M. After launch, the balloon is
expected to float 120 miles westward over the Army's White Sands
Missile Range, where telescopes and cameras will record the
Galileo probe deployment and separation. Telemetry will monitor
key mission events.

During the test, the probe craft will duplicate the flight
sequence at Jupiter. A small pilot chute separates the aft cover
from the Deceleration Module, and extracts the large main
parachute. The rest of the Deceleration Module (heat shield and
aeroshell structure) then separates from the Descent Module,
which completes the flight, descending on the parachute.

The Descent Module will carry instrumentation to monitor




various mission events and performance. It will also radio data

to the ground, carry a programmer to initiate various events,
plus cameras, batteries for power, a radio beacon for ground
recovery, heaters and thermostats for temperature control.

The balloon will carry a recoverable gondola to house the
Galileo probe hardware, and provide pre-drop power, heating,
movie cameras to record the drop, and other balloon-related
equipment.

Balloon filling with helium gas at Roswell, N.M. is expected
to take one to two hours, with release at about sunrise. The
ascent and subsequent 120 mile flight downrange to the drop zone
will take from two to eight hours depending on the winds.

Project management for the Galileo probe system is by NASA's
Ames Research Center, Mountain View, CA. Hughes Aircraft Co., El
Segundo, CA is the prime system contractor responsible for design
and development of the spacecraft. General Electriec Co.,
Philadelphia, is providing the forward and aft heat-shields and
deceleration structure system, including parachutes. Launch
operations and range operations coordination are provided by the
Air Force Geophysics Laboratory. Overall Galileo Project Manager
is NASA's Jet Propulsion Laboratory, Pasadena, CA.

- end -
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NASA'S Teacher "Summer School" Blasts Off Again
—

Between June and August, they construct and launch rockets
at Moffett Field, California, peer through microscopes at lunar
rocks in Houston, Texas, or analyze space communication in
Cleveland, Ohio. Come September, they are back in their
classrooms illustrating aeronautical principles on the chalkboard
to eager elementary or high school students.

While other vacationers backpack the Sierra or laze poolside
this summer, more than 7000 teachers from nearly every state have
chosen to study aerospace science and research at NASA space
centers and Universities across the nation. During the past few
years, teachers have become the students and space research
centers like NASA's Johnson, Lewis, and Ames the classrooms--
classrooms which house Shuttle flight simulators or hypogravity
apparatus inside and one of the world's largest wind tunnels or

U-2 high altitude planes outside.




In one concentrated week of activity, teachers see first
hand NASA's research in aeronautics, space biology, astrophysics,
and astronomy. They tour the labs, talk with the experts, and
‘acquaint themselves with the technology. Back in their
classrooms, they will funnel their discoveries into lessons for
their students this fall.

Despite such unexpected events as the arrival of a local fire and
police department during "hands-on" rocketry demonstrations, hard
beds in unfamiliar dormitories, and temporary difficulties with
NASA acronyms, participating teachers say they are happy with the
experience.

It's all a part of the space science summer program
sponsored by NASA's Education Offices in cooperation with several
universities and the U.S. Air Force Civil Air Patrol.

James Poindexter, Educational Officer at Johnson Space
Flight Center in Houston, underlined the workshops' purpose: "We
feel it is important to get information out to the teachers, but
what makes our programs truly effective is encouraging teachers
to incdrporate up-Jdated, accurate aeronautical and space flight
informatidn into their curriculum."

| Sample space science exercises designed in the workshop
range from using the names of Saturn's moons for elementary word
puzzles to classifying meteorites by mineral composition or
graphing a miniature parachute's rate of descent. Other lessons
on solaf energy, or designing hypothetical governments for Mars,

address environmental, social science, and political issues.



One recent example of NASA's summer program is the aerospace
teacher workshop at Ames Research Center, Mountain View, Calif.
Called "Space Down to Earth," the popular workshop entered its
fourth summer the first week in August.

Educators, largely teacher-school administrator teams,
participated in the workshop co-sponsored by San Jose State
University and the Civil Air Patrol. The roster showed over 40
participants representing elementary and secondary schools from
California and the Pacific Northwest.

"l was dazzled by NASA's hardware and mind-boggling
technology," said "Bud" Smith, a past participant and an
elementary school teacher from Carmel Valley, Calif. "It was all
very exciting to see and a great motivation to us teachers to
present more science in our classroom," said Smith.

The hardware and technology varies from one space reseach
center to another. Ames offers a look at cockpit simulators used
to train shuttle pilots; cameras that can capture crop conditions
from altitudes of 65,000 ft; biomedical instruments that bleep
out information on the physical state of astronauts; or the
large-bellied modified transport aircraft, dubbed the Kuiper
Airborne Observatory, which carries astronomers, an infrared
telescope, computers and crew into a vantage point well above
most atmospheric interference.

One valuable aspect of the summer program is the contact the
teachers have with the scientists and engineers working at
NASA. "Talking with the experts in the field, hearing from the

people doing the work is a key to the workshop's success. The



people at the laboratory bench or flying the planes just have
somaething special to offer that can't be translated indirectly,"
said Garth Hull, Educational Programs Officer at Ames.

Throughout the week, over a dozen Ames reseérchers,
technicilans, and engineers described the purpose and procedures
of their work. The teachers directed varied questions to the
experts on such topics as space sickness, UFO's, and animal care
on Space Lab.

Two high school students from Salt Lake City emerged as key
gpeakers at thé workshop when they described the seed germination
experiment they designed for one of the Space Shuttle's coming
flights. The boys developed the apparatus and procedure to
photograph various seeds' development in the Shuttle's weightless
environment--meeting NASA's size limitaions of a 2.5. cubic foot

container and only three on/off, astronaut-assisted controls.

€

Different workshop activities impressed each participant.
Seeing Jupiter through the 36-inch telescope at nearby UC Santa
Cruz's James Lick Observatory was a "once in a life-time
opportunity”" for Joe D'Andrea of Yuba City, Calif., "even if we
didn'ﬁ get home until two in the morning."

A third grade teacher recognized the complicated network of
support personnel required for an§ space exploration program, and
decided to include a space careers unit in her class this year.

Nancy Keesee built a model rocket and fired it off--a new
experience for the elementary school teacher. "Just putting it
togetherkwas a learning experience in itself," she said. But

after the group discussed propellants, rocket engines, drag



factors and measured the rockets altitude and velocity during
flight, Nancy appreciated the exercise even more. '"What a great
hands-on lesson incorporating math, physics, and astronomy," she
said.

Benefits from NASA's workshops begin with motivated
teachers, and typically diffuse into school departments, entire
schools, or occasionally a school district. For example, Kern
County Unified School District in Southern California, sent
teachers to last year's "Space Down to Earth," and now has
aerospace resource centers in its school libraries, a space
science county curriculum center, and frequently features NASA
personnel in its own teacher conferences.

Participants leave NASA's summer aerospace workshops with a
bundle of notes, pamphlets, information guides and booklets. But
perhaps the teacher's most valuable resource from NASA is a
rekindled enthusiasm for creative teaching in math and science.

Watch closely this fall and see if Susie is learning her

geometry by setting off rockets....
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EXERCISE AND DIET MAY CONTROL BLOOD CHANGES DURING WEIGHTLESSNESS

NASA Ames Research Center scientists have found that
exercise coupled with a low-calorie diet might counteract the
effects of weightlessness on insulin and glucose levels in the
blood of space travelers.

Ames biomedical researcher Dr. Constantine Dolkas and Dr.
Carl Mondon of the Veteran's Administration Medical Center in
Palo Alto have shown that plasma insulin and glucose increase
during simulated weightlessness, but return to normal levels
after exercise.

The researchers simulated the effects of weightlessness by
subjecting volunteers to one or two weeks of complete bed rest.
Prolonged bed rest, with the body in a constant supine position,
closely approximates the physiological responses to true
weightlessness.

Toward the end of the bed rest periods, the volunteer's use
of blood sugar and level of plasma insulin were checked. Dolkas

and Mondon evaluated each subject's sugar uptake with a glucose

{more)
: August 25, 1983



tolerance test, studying the concentration of glucose in their
blood for three hours following consumption of a sweet drink.
Results showed prolonged bed rest without exercise decreases some
cell's ability to use glucose. Thus, increased levels of the
sugar remain in the bloodstream. After bed rest without
exercise, the average blood sugar level of the volunteers rose
over 10 percent above normal, closely resembling a temporary,
’prediabetic state.

Dolkas and Mondon found especially high concentrations cof
'inéulin in the blood after complete bed rest. More than a 200
percent rise in blood insulin occurred in subjects exposed to
prolonged bed rest without exercise. The excessive insulin
apparently results from the body maintaining a normal production
of the hormone, but using it less. Dolkas and Mondon called this
‘response "insulin resistance" and found muscle cells especially
insulin resistant following bed rest. The researchers suspect
the same reaction would be found in astronauts exposed to the
wéightlessness of space.

Insulin is a pancreatic hormone secreted into the
bloodstream to catalyze the storage of plasma glucose in liver
and muscle cells. Storing the glucose within these cells permits
a ready reservoir of energy for the body. The Ames study
indicates that after prolonged bed rest sufficient insulin
circulates in the blood, but insulin seems less proficient in
controlling glucose storage in cells. Excess glucose then
accumulates in the blood along with the insulin.

Sustained high levels of blood sugar can lead to serious

(more)
August 25, 1983



health problems. The body converts excess glucose in the blood
into stored fat molecules, called triglycerides. High
concentrations of triglycerides can clog blood vessels and lead
to atherosclerosis, or "hardening of the arteries." An astronaut
exposed to prolonged weightlessness, showing insulin resistance
and increased blood sugar, might also accumulate triglycerides.
Without any countermeasures, extended flights in space might
ennance susceptibility to circulatory and heart problems.

Fortunately, there are strategies available to space
travelers which counteract insulin resistance and glucose
imbalances. Dolkas and Mondon found exercise and a reduced-
caleorie diet to be simple, effective solutions. Exercise
typically depletes blood sugar as energy is needed and slows down
the pancreatic production of insulin as well. A low-calorie diet
nprevents excess glucose and triglyceride accumulation in the
blood.

Additional studies by Dolkas and Mondon suggest that the
beneficial effects of exercise on insulin resistance and glucose
levels might be maintained for a number of days after exercise
stops, as long as a low-calorie diet is consumed. This prolonged
effect of exercise would make physical activity less critical
during any short flights in space.

Dolkas presented three possible explanations for the insulin
resistance and increased blood sugar following bed rest and, by
analogy, weightlessness. One hypothesis suggests a malfunction
at insulin "receptor sites" on liver or muscle cells. These

receptor sites normally bind with insulin and permit the hcrmone

(more)
August 25, 1983



to act upon plasma glucose. Faulty reactor sites could lead to
insufficient binding of insulin to muscle cell membranes, causing
higher levels of both insulin and glucose in the blood.

Likewise, bed rest or weightlessness might increase the
activity of some hormone working in opposition to insulin. With
blood sugar then accumulating, the pancreas would secrete more
insulin, but insulin's activity never guite balances that of the
antagonistic hormone. Finally, insulin resistance might result
from the pancreas producing an abnormal and less active form of
insulin.

Dolkas and other Ames researchers hope to identify the exact
mechanism causing insulin resistance in muscle cells during bed
rest and/or weightlessness. A better understanding of blood
sugar and insulin activity during weightlessness and exercise mav
also offer a clearer chemical picture of the blood sugar
imbalances of diabetics and hypoglycemics.

i
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NNS/A\ News

National Aeronautics and
Space Administration

Ames Research Center .

Moffett Field. California 94035 ‘ \ ’

AC 415 965-5091 A 7[5
Feter Waller (415) 965-5091 For Release
Felease No. BI-38 IMMEDIATE

AMES ROLE IN NASA™S

FIRGT 25 YEARS

On October 1, 1983, the National Aeronautics and Space
Administration will be 25 vears old.

During the agency’s first gquarter century, 12 astronauts
wal lked on the Moon and dozens of astronauts and scientists have
worked 1n low earth orbit. The planets Mercury, VYenus, Mars,
Jupiter, and Saturn have been explored. The launching of
communications satellites allows us to see events anywhere on
Earth. Applications of NASA work have built industries, created
inbhs, and enriched human life.

During these 25 years, NASA-Ames played a significant
role. The understanding needed for NASA accomplishments has
often come from Ames scientists and engineers, and from Ames
special skills.

During the period., Ames research has evolved into three

major capabilities: aeronautics and aircraft flight testing,.
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space sciences and space exploration, and lifepSCiénwgsﬁ

aeronautics has develaped the full range of major tools iﬁ a
single research center: computational‘analysis of proppsed designs
(supercomputers), wind tunnel testing, flight simulation of
aircraft handling. qualities, and advanced flight testing at the
Dryden Flight Research Facility.

Space science organizations have helped explore Jupiter,
Saturn, and Venus. They have developed capabilities in
astronomy, planetology. plangtary atmosphere research, and the
basic physics and chemistry of flight and relatea wor k.

lLife sciences has made advances in human factors and
biomedical research for both space and aircraftt flight-—as well
as i1in planetary life detection and evolution of life on Earth and
potentially elsewhere in the universe.

Along with other NASA groups. the Center made important
contributions to the Mercury, Gemini, and Apollo programs, which
achieved the moon landing. Ames skills in atmosphere entiry
systems and entry heating were important in design of all three
vehicles. Ames also contributed to asrodynamic design and flight
prafiles for these craft.

Lifting body research began at Ames. Since the shuttle
is in many respects a lifting body, the Center contributed to
design and development of the shuttle from the beginning. fAme s
wind tunnels and people provided support for shuttle aerodynamics
and entry. We had a major part in the shuttle thermal protection
zvstem. The Ames Drvden facility at Edwards, CA handled shuttle
landing tests, and is providing essential support for shuttle

landing operations.
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Ames also cdntribdted importantly to guidancé, pilot-
handling, avionics, materials, and human factors systems for
the Moon program vehicles, as well as for shuttle.

Over a quarter century the Center hae made advances in vervy
diverse areas. Scientists found the amino acids which make up
living systems in the Murchison meteorite believed to have come
from the Asteroid Belt. An Ames paper predicted vulcanism on

Jupiter’s moon, Io, befaore the Voyager pictures confirmed that 1o

is the most active volcanic body in the solar system.

The Center pioneered computational fluid dynamics, both with
hardware (the Illiac super computer) and computational techniques
faor three-dimensional fluid {(air) flow. We developed new
aircraft designs, such as the radical scissor—-like abligue wing, and
the technically-difficult tilt rotor. The tilt rotor is a
completely new kind of flight vehicle, providing vertical 1ift
combined with long-distance, high-speed flight.

Due to Venus atmosphere wbrk and vears of work in entrvy
heating problems (dependent on atmosphere characteristics)., Ames
has developed a general expertise in planetary atmosphere
research.

Ames has established means of encouraging individual research
accomplishements, such as educational grants and the H. Julien
Allen award, named for the second Center Director.

The Fioneer spacecraft made the first trips through the
Asteroid Belt and to Jupiter and Saturn. Last June, Fioneer 10

completed history’s first flight beyond the planets. These

ixl



spacecraft;cafxgeq vhat James Van_Allen has called ; “"elassic
array of experimeqts". They made a very large number of .
discoveries about Jupiter and Saturn, the Asteroid Belt and the
interplanetary medium.

In addition ta the ocuter planet Pioneers, the six vehicles of
the Fioneer Venus program made far more intensive explorations of
Venus than ever before. The Venus Fioneers photographed the planet
for a year. They measured Venus’s clouds and atmosphere from top
to bottom in both day and night hemispheres. They provided the
tirst topographical map of the planet, giving usrour first look
at Venusian mountains, "continents", lowlands, and "seas". The
Venus Orbiter continuesto circle Earth’ s cloud—draped twin
planet.

Ames 30 wind tunnele include the world’s largest and
cspan speed regimes from below 100 mph to many times the speed of
zound. Added to this, the Drvden Flight Research Facility
possesses a range of unique research aircraft and flight
research equipment. Virtually every high performance U. 5.
aircraft in the past 25 vyears has been tested at Dryden.

Ames researchers have pioneered research in jet—powered VTOL
cratt and in prop-jet transports, the next generation of fuel
efficient aircratt. The Q5RA, a quiet short takeoff and landing
transport aircraft design holds promise for short haul
aeronautics using small airports.

Our flight simulators, particularly the multi-story
motion—generating machines for these huge devices are unique and
allow "flight testing" during design of air and spacecraft.

With its U-2 aircraft., the Galileo II aobservatory aircraft,




P ]

and the Kuiper Airborne Observatory, the Center ha% progressed in
airborne science. These studies range from airborne survéys of
crops on Earth for weed control to onervations of the galactic
center and new star formations in the Orion nebula. Especially
noteworthy was the Kuiper®s discovery of rings around the planet
Uranus and U-2 observations of remnant radiation from the
universe-—-creating "big bang.”
Ames and Dryden currently have arocund 2000 employees, and
almost 1400 contractor employees work at the two locations.
Since 1958, the Center has ;dded many new facilities and some 200
acres of land between its original site and San Francisco Bay.
It has developed a master plan for future growth in the new area.
During the past 25 years, Center contributions to
aeronautics, astronautics, and life sciences have included
extensive activities not included in these brief examples.
Highlights for the future include: planned developments in
short haul aeronauticsi fuel efficient and advanced
high performance aircrafti and progress in applications of super
computers to aircraft, spacecraft, computational chemistry, and
weather research. Also planned are biological research aboard the
shuttlel further studies of planetary atmospheres, including the
Earth’si the first direct measurements of Jupiter®s
atmosphere; attempts to identify planets around other stars: and

work toward a U. S. space station.
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To Editors:

At 8 a.m. PST, Wednesday, Nov. 9, many of the findings of
the IRAS infrared telescope will be made known at a Washington
news briefing.

The briefing will be piped in to NASA-Ames (audio and
video), and Bay Area reporters can transmit questions to speakers
in Washington. Seven astronomers plus various officials will
make a two-hour presentation of results.

The IRAS telescope is a Bay Area project in that its
development was managed by NASA-Ames. The telescope was launcaed
last January from Vandenberg AFB, and has been very successful,

Since IRAS is the first infrared telescope in space, and is
making the first whole-sky survey in the infrared, the new
results are expected to be impressive. Most infrared light is
blocked out by the Earth's atmosphere, so few infrared
observations have been made to now. Cool objects (like planets)
radiate most of their energy in the infrared, and such object
are among the most interesting in the heavens. IRAS is expec
to find 400,000 new infrared sources.

ted

IRAS findings, little reported but already released,
include: a possible planetary system around Vega, various centers
of new star formation, two colliding galaxies, a star expanded
to solar system size, a "monster" star in the large Magellanic
Cloud, and five new comets.

For television, there will be models of the IRAS
telescope, as well as several large color paintings. Ames
infrared astronomers will be there to comment.

Newsmen planning to attend should come to the NASA gate of
Moffett Field (gate 18) from where they will be directed to the
Space Sciences Auditorium (bldg. 245).

11/4/83
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AMES RESEARCHERS LINK BRAIN CHEMICALS TO SPACE MOTION SICKNESS

For years researchers have searched in vain for a direct

link between the vestibular system -- the body's balancing
mechanism located in the inner ear -- and vomiting centers in the
brain.

Now researchers think they may have found that link -- not

through the neural connections of the central nervous system, as
expected, but ﬁhrough the chemical components of cerebrospinal

fluid.

NASA scientists studying motion sickness at Ames Reéearch
Center are on the trail of a chemical substance in the fluid core
of the brain which may cause vomiting. The possibility that
there may be a chemical link in motion sickness was discovered
through NASA's research into the basic causes of space motion

sickness. This basic research is being conducted both at Ames

and at NASA's Johnson Space Center in Houston, Texas.

November 14, 1983



Ames scientist Dr. Nancy Daunton and two colleagues at
Wright State University in Dayton, Ohio -- Dr. George Crampton
and Dr. James Lucot -- are tracking a chemical they believe may
be secreted into cerebrospinal fluid to cause vomiting during

motion sickness.

Their studies have shown that blocking the flow of
cerebrospinal fluid in the brain stops motion-induced vomiting,
and that an incomplete block does not suppress vomiting --
findings which strengthen the hypothesis. The scientists are now
attempting to isolate the responsible chemical from cerebrospinal

fluid.

Space motion sickness has afflicted about 50 percent of
astronauts and cosmonauts exposed to weightlessness. JSickness
occurs during the first few days in zero gravity, with some
symptoms which resemble those experienced on a boat or plane --
disorientation, malaise, nausea and sometimes vomiting. The
symptoms are aggravated if the astronaut performs tasks involving

head movements or moves about in a large work space.

Scientists agree that the vestibular system plays a critical
role in motion sickness. The inner ear contains vestibular
structures -- semicircular canals that sense angular acceleration

and otolith organs that sense linear acceleration and gravity.

These vestibular organs, along with muscle receptors and
vision, provide sensory input to the central nervous system for

control of posture and eye movement and for perception of self-

(more)
. November 14, 1983



motion and orientation. Abnormal vestibular inputs in
weightlessness may be one factor leading to space motion

sickness.

When a person receives sensory cues for motion, the brain
responds with its normal, programmed responses to control eye,
head and body movements. But when the responses do not yield the
expected results -- especially when the visual image does not
stabilize and postural control is not easily maintained -- humans

and animals often experience motion sickness.

All of Daunton's research is directed toward understanding
the basic mechanisms triggering motion sickness. Her studies are
conducted under the Ames Biomedical Research Division which is
responsible, along with Johnson's Space Biomedical Institute, for
the study of physiological responses to weightlessness for the
NASA Life Sciences program.

ikt
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NEW EVIDENCE FOR HUGE VOLCANOES ON VENUS
Scientists believe a massive volcanic eruption ~-- dwarfing

the largest Earth eruptions - - recently occurred on Venus. This
adds to the growing body of evidence for gigantic active
volcanoes on Earth's twin planet.

A variety of major findings by the Pioneer Venus spacecraft
in orbit around the cloud-draped planet point to this huge scale
volecanism -- volcanoes far larger than those on Earth.

® A new analysis covering five years of findings by the
Pionner orbiter indicates that concentrations of sulfur dioxide
in Venus' atmosphere increased more than 50 times in 1978 and
have been declining steadily ever since. These findings were
made by Dr. Larry Esposito of the University of Colorado,
Boulder. They point to a very large volcanic eruption, he says.
A major increase in atmospheric sulfur dioxide normally occurs

after volcanic eruptions on Earth as well.



e Earlier Pioneer topographic maps covering most of the planet
indicate the mountainous regioﬂs of Beta Regio and Atla Regio
(in the Scorption Tail of Aphrodite Terra) are‘of the proper size
and shape for giant volcanoes. Detailed analyses of Pioneer
gravity sensing data also have shown that these two areas are
unique in being formed from new rock, recently extruded from
Venus' interior.

Remarkably -- repeated clusters of lightning bolts, very
similar to lightning discharges generated in terrestrial volcanic
plumes, also have been discovered by Pioneer investigator, Dr.
Fred Scarf of TRW, Inc., Redando Beach, CA. The lightning
discharges are detected by Scarf's plasma wave instrument aboard
the Pioneer Venus orbiter. A multitude of lightning events have
been recorded directly above the surface of Beta and Atla Regio.
These events are believed to be tied to the volcanic mechanism.

Esposito’'s Venus atmosphere findings also depend on data
from the four spacecraft of the Pioneer multiprobe, which has
measured Venus' atmosphere from top to bottom planet-wide. The
Pioneer Project is managed by NASA Ames Research Center, Mountain
View, California.

Beta and Atla Regio are the freshest-looking volcanic sites
on Venus based on topography, gravity sensing data and radar
altimetry images, according to Dr. Harold Masursky, of the US
Geological Survey, Flagstaff, Arizona.

Beta Regio has been interpreted as consisting of two

enormous shield volcanoes, almost 1300 miles in length, larger



than the entire Hawaii Midway chain. This area appears to be the
most volcanically active region on the planet. Images from
Pioneer Venus and ground-based radar show radiating bright rays
on Beta, indicative of very young lava flows. Measurements of
volcanic basalts by a Russian lander spacecraft also support
this.

Beta is believed to sit over a powerful upflowing convective
plume, deep in Venus' interior magma. Huge by any standards,
Masursky believes the volcanoes on Beta may dwarf all other solar
system volcanoes in volume, including Olympus Mons on Mars,
currently the highest volcano in the solar system (three times
higher than Beta.)

Recent Earth-based radar images show indications that
Maxwell Montes is a huge ancient dead volcano. Maxwell is the
highest point yet found on Venus, a mountain massif higher than
Everest. It shows none of the signs of recent activity recorded
for Beta and Atla.

The apparent huge volcanoes seem to be related to the
planet's global heat balance. Although Venus appears to have the
same internal heat sources as the Earth, Earth is able to vent
its heat at many points, especially at the constantly expanding
mid-ocean ridges. Scientists believe Venus, unlike the Earth,
has no mobile plate tectonics and hence, no mid-ocean spreading

regions where the crust is forced apart and liquid magma emerges

almost continuously.



The huge volcanic outpourtings of Beta and Atla are
considered the planet's youngest form of heat escape. Upwelling
plumes or "hot spots" in Venus' internal magma are proposed to
have burned their way through the thick, rigid crust, venting
most of the planet's internal heat at just two places, and
creating giant volcanoes. A very similar process formed the

Earth's Hawaiian Islands.

The new findings are exciting since the physical
characteristics of Earth and Venus are almost identical. Venus
has been termed "Earth's Twin" because of the planets' similarity
in size, mass, gravity and distance from the sun. This data from
another Earth-like planet has immediate practical applications to
understanding Earth's geology. It will also help us Kknow more

about the evolution of Earth.

Esposito believes a major volcanic eruption occurred on
Venus sometime around 1978, accounting for the abnormally high
amounts of sulfur dioxide found in the Venusian atmosphere at
that time. The eruption forced huge amounts of sulfur dioxide
and small haze particles into the atmosphere, sometime shortly
before Pioneer Venus began its explorations. The sulfur dioxide
in the gas rapidly formed into small aerosol particles of
sulfuric acid similar to acid rain on Earth. Pioneer has been

recording the slow decay of the volcanic aftereffects ever since.



The unusual increase in sulfur dioxide was also observed by
independent ground investigators in 1978. Earlier ground-based
observations in the 1950's also detected a similar increase in

sulfur dioxide.

Esposito believes the volcanoes were able to blow sulfur up
as high as 70 km (40 miles) through the super dense atmosphere of
Venus (100 times Earth density). He calculated the eruption as
having at least ten times more energy than any volcanoes on Earth
in the last 100 years, much larger in magnitude than even such
explosions as the famous 1883 eruption of Krakatoa on Indonesia.

Esposito estimates sulfur dioxide levels after the recent
eruption of the Mexican volcano, El1 Chichon, were only ten
percent of the 1978 levels detected in the atmosphere of Venus.

Prior to 1978